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pIrl. IVIOLIVATION 1

e REAL-PHOTON ABSORPTION BY A NUCLEUS:

[S.B. Gerasimov, Sov. J. Nucl. Phys. 2 (1966) 430]
[S.D. Drell, A.C. Hearn, Phys. Rev. Lett. 16 (1966) 908|
[H. Ahrenhoevel, nucl-th/0006083]

471'2]& 2

S — — d
Iepn = /Vo [0 (v) — Uj(V)]TV = —Ttg“

CONNECTS HELICITY-DEPENDENT DYNAMICS AND
STATIC GROUND-STATE PROPERTY OF NUCLEUS(ON)

- —

a<:, o7 photoabsorption cross sections for anti—parallel, parallel spin orientation

I, My, nucleus spin, mass, electromagnetic fine-structure constant
k: anomalous contribution to magnetic moment of nucleus(on)
v: photon energy in the target rest frame, v(: photoabsorption threshold

target | K | IZ?I)DH in pub
proton 1.79 -204
neutron -1.91 -233
deuteron -0.143 -0.65

e POLARIZED DIS ON NUCLEUS(ON)

= (ENERALIZED GERASIMOV-DRELL-HEARN INTEGRAL:
[R. Pantforder, hep-ph/9805434, and references therein]

T (Q?) = / T[0T, QY — o= (v, Q%))

dv
1/0 1/

NICE TOOL TO STUDY TRANSITION OF HELICITY-
DEPENDENT DYNAMICS FROM (PERTURBATIVE) DIS
REGION TO (NON-PERTURB.) PHOTOABSORPTION

— —

O'<:, o7 virtual-photon absorption cross sections for anti—parallel, parallel spin orientation

Q2: photon virtuality
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e SPIN ; TARGET:
2 8ma *0 gl(ma Qz) B 7292(x7 QQ) dx
Iapu(Q7) =

M 0 K T

g1, go: polarised structure functions of the nucleon

72 = QQ/VQ, T = QQ/QMI/, xg = Q2/2M1/0

K: virtual-photon flux factor

v: photon energy in the target rest frame, v(): photoabsorption threshold

FOR LARGER VIRTUALITY (Q* > 1 GeV?):

fol 99 (x, Q2)da: = 0 (BURKHARDT-COTTINGHAM SUM RULE)

2 1
lopn(Q") = ~5-0Tu(Q) with T1(Q) = [ ai(e, @*)do
0

GENERALIZED GDH INTEGRAL GIVEN BY FIRST
MOMENT OF SPIN STRUCTURE FUNCTION g1(z, Q%)

— DOES THE ‘HARD 1/Q*-REGIME’
STAY INTACT
DOWN TO LOWEST MEASURED Q? ?
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e GDH p—n DIFFERENCE — BJORKEN SUM RULE:

2
Q2la7“ge 167

0? [(Q7) — I (Q7)]

Ipu(Q7) — Iepr(Q°)

FUNDAMENTAL BJORKEN SR DERIVED FROM CURRENT ALGEBRA
AND ISOSPIN SYMMETRY::

MY(Q%) —T7(Q%) = § - ga - Cns(as(Q"))

ga = |94/9y| = 1.2670 = 0.0035: NEUTRON BETA-DECAY COUPLING CONSTANT

Q2—DEPENDENCE: GIVEN BY DGLAP-EVOLUTION

= GDH pATtA FROM HERMES KINEMATICS
ESSENTIAL TO CONNECT
TWO IMPORTANT PROPERTIES OF THE NUCLEON:
K AND ga




e

1 0 Nnrnoivirsy LAFERIVIEINTD AL DO X

[~ FIELD CLAMPS — TRIGGER HODOSCOPE H1
m
EATJ%I?I\‘T DRIFT CHAMBERS - 270mrad
? HODO 170mrad— = ~ ~
DRIFT\ 140 mrad
14 CHAMBERS
—"’/’(ii ii 27.5 GeV
Ot--fE—F---=-r=o" e e ettt S
TARGET =~ f\i: *H MONITOR e+
CELL -
” DVC ~
14 HODOSCOPE HO A
STEEL PLATE - BC 3/4 TRD TCALORIMETER T _ 140 mrad
2] \\\SI I IRON WAl_l_/l\m\mTaleL o
WIDEANCLE MUON HODOSCOPES
~— MAGNET MUON HODOSCOPE

T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 m

e Tracking: forward dipole magnet spectrometer with
57 chamber planes (40 mrad < 6 < 220 mrad);
resolution: 660 < 0.6 mrad, dp/p < 1.5%

e Particle ID: threshold/Ring-imaging(>1998) Cerenkov,
TRD, preshower (H2), lead-glass calorimeter:
e/h misidentification < 0.4%

e Fast Trigger: scintillator hodoscopes HO, H1, H2;
calorimeter: energy threshold 1.4 GeV




U1 IVIEASUREBEMENLTS AL ITHEINVIVIEND

e REACTION:
DOUBLY POLARIZED INCLUSIVE e’ OR e~ SCATT. oN “H (*H)

e LONGITUDINALLY POLARIZED BEAM:
Eq=27.6 GeV, <Pp>=0.55+0.01,s. (0.55£0.025,4)

e LONGITUDINALLY POLARIZED INTERNAL GAS TARGET:
< Pp>=0.85+0.034ys:. (0.8640.044,)

e INTEGRATED LUMINOSITY / NUCLEON: 111 (70) pb™*

o KINEMATICS: 1.2 < Q% < 12 GeV? in 6 bins
1.0 < W? < 45 GeV?

k . .
W: ~"-nucleon invariant mass

—>  SUFFICIENT KINEMATIC COVERAGE AND
STATISTICS TO STUDY FOR THE 1ST TIME THE
GENERALIZED GDH INTEGRAL ON DEUTERON,
PROTON AND NEUTRON SEPARATELY IN DIS REGION
AND NUCLEON-RESONANCE REGION:

Region W2-range Statistics “H ('H)

nucleon-resonance | 1.0 < W?* < 4.2 GeV* | 0.13 M (0.55 M)
DIS 4.2 < W? < 45 GeV? 1.4 M (7.7 M)

unmeasured W? > 45 GeV~ extrapolation [*]

* N. Bianchi, E. Thomas, Phys. Lett. B450 (1999), 439



UoiN. UGUI1 IN1TEGRAL., DJALTA AINALYDSID

Photon flux factor: K = v+/1 + ~2 (Gilman notation):

/ A1F1d:1:
¢1+7

F1= Fo(1+ 72)/(2:1:(1 + R)) and F9: unpolarized structure functions
F5 by fit of A. Bodek, Phys. Rev. D8 (1973) 2331

R = o /op: ratio of absorption cross sections for long. and transverse virtual photons

(Resonance region: R = 0.18, DIS region: fit L. W. Whitlow et al., Phys. Lett. B 250 (1990) 193)

8Tl

Iapu(Q°) =

MEASURED LONGITUDINAL
CROSS-SECTION ASYMMETRY

PHOTON-HELICITY

ASYMMETRY

1 N¥L® — N°L< A ~

= —— — A= —nA,
PsPr N<1,= + N=L< D

— —
NS, N :>: no. of scattered e T (e ) for anti—parallel, parallel spin orientation

—)
L<: L:> deadtime-corrected luminosity for anti—parallel, parallel spin orientation
Yy =v / EO 1ne1ast1<:1ty of the reaction; n(y,v“): kinematic factor

D(y, Q Y ,R): virtual-photon (de)polarization factor

Ad, Ag : Resonance region: 0.06 (0.); DIS region: ¢ M x/\/QQ with ¢=0.5 (0.05)
FOR sPIN % TARGET: A; = A;: VIRTUAL-PHOTON ASYMMETRY

e GENERALIZED GDH INTEGRAL FOR THE NEUTRON:

™ — IéDH 7D
GDH 1 — 1.5wy GDH

Il g C. Ciofi degli Atti et al., Phys. Lett. B 376 (1996) 309

wg = 0.058 4= 0.010: probability of the deuteron to be in a D-state
(M. Lacombe et al., Phys. Lett. B 101 (1981) 139)
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Ilzﬁ. [ub]
[ 1.0 < W< 4.2 [GeVA]
0 N ® - HERMES PRELIMINARY (DEUTERON) RESONANCE CONTRIBUTION:
B — HERMES PRELIMINARY (NEUTRON)
, ol e S A SMALL FOR Q? > 3 GEV?
20 —
, Model using QZ*-evolution of
0 % nucleon resonance amplitudes:
2 % % § N [I.G.Aznauryan,Phys.of At.Nuc.,58(1995)1014]
o 5 - 1 & :
1 n-data: well described
o/ p- and d-data: described within
E ||gon/(1—1:5wo)=|':m+|;w,Wo=0-058| tOtal eXp- eI'I'OI'S
I EE ‘é““%“z“vz
Igl:H [ub] Q° [GeVA

L W2>4.2 [GeVA

L ® — HERMES PRELIMINARY (DEUTERON) .

2 E B — HERMES PRELIMINARY (NEUTRON) DIS CONTRIBUTION' SIZEABLE
b g L s (RONLR 494100 [ WN TO LOWEST MEASURED Q2.
15 ? % %

Sk ; % T Mult:}Regge_?n—eXChange param.

L £ .

b : for 0~ — o~ at high energy
ol fg ) (— extrap. into unmeas. region)
_5; I I % : I [N. Bianchi,E.Thomas,Phys.Lett.B450(1999),439]
o b p-data: well described
s [ [/ —1.5w0 T+ w0058 || d- and n-data: Q2 > 3 GeV?%: ok
T I B S A
leon (1] Q* [GeV
50 |- W2 > 1.0 [GeVAl
f S HERVES PRELIMINARY (NELTHON) DIS & RESONANCE REGION:
40 I A — HERMES (PROTON), PLB 494,1 (2000)
Phys. Rev. D 51, 25 (1995) . .
g Model: leading-twist Q?-evol.
30 I %[

: % ; of 1st moments of g1, g2
20 - ] T . .

: R (w/o any resonance contribution)
b s 5 [J.Soffer,0.V. Teryaev,Phys.Rev.D56(1997) 7458
ol I . . . i — all data well described

i % 1 r 2 -

-10 = . .

e , — — hint on quark-hadron duality

i o /(1= 1.5wp) =, +1sys , wo=0.058

2000, Cl

1 2 4 5 6 7

Q% [GeVA
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e (Q°-DEPENDENCE ~ 1/Q? 7

~0.2
(\la HERMES PRELIMINARY
8
Z
NO‘ Proton
-k% * L -‘ L | ®
o ] \ 1] ?
01 -
MM N
0 L o o e e e e
mmm
_01 L L L | L L L | L L L | L L L
0 2 4 6 , .8
Q7 [GeV]

Dividing out ~ 1/Q? dependence
(leading-twist) leads to flat
Q?-behaviour for both p and n

— DOWN TO Q? ~ 1.5 GeV?
NO INDICATIONS FOR SIZEABLE
CONTRIBUTIONS FROM HIGHER-
TWISTS OR NUCLEON-RESONANCE
FORM FACTORS

e PROTON-NEUTRON DIFFERENCE

70

[ub]

® HERMES PRELIMINARY
O SLAC-E155
A SLAC-E143

n
-

¥ Bjor

(line

ken Sum Rule prediction

GDH GDH

|p

)i fite/Q% c=71.4

e AT Q° = 5 GeV?: ACREEMENT
WITH BJORKEN SUM  RULE
PREDICTION (16.3340.45 ub)
AND SLAC E-143/155 DATA)

NOTE: Real-photon

GDH|Q2 0 g?DH|Q2:O = 29ub
—> turn-over point not seen in
HERMES kinematics

° point

e Q°-dependence of p-n difference
also follows 1/Q? behaviour down
to lowest measured values
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¢ DEVELOPMENT OF DUALITY CONCEPT OVER HISTORY

* Origin from hadron-hadron scattering:

relationship between s— and t— channel behaviours of scatt. ampl.

[R. Dolen, D. Horn, C. Schmid, Phys. Rev. Lett. 19 (1967) 402; Phys. Rev. 166 (1968) 1768]
[G. Veneziano, Nuovo Cimento 57A (1968) 1395]

* Generalization of s— and t— channel duality:
including both resonant and non-resonant contrib.’s to cross section
[H. Harari, Phys. Rev. Lett. 20 (1968) 1395]

* In Inclusive electron scattering:
duality between resonances and valence quarks
(resp. background dual to sea quarks)

[W. Melnitchouk, hep-ph/0106262]

e BLOOM-GILMAN puALITY: DIS <— RESONANCE REGION
[E.D. Bloom, F.J. Gilman, Phys. Rev. Lett. 25 (1970) 1140; Phys. Rev. D4 (1971) 2901]

o 16
i r res
< - * A, 'HERMESpréeliminary
N L4 & AJ°HERMES
STRUCTURE 12: - AL1)|SE143
FUNCTION (OR A 20 e
RATIO) MEASURED L AL o i
= 1~ ]
IN THE DIS REGION i
REPRESENTS AN 0.8 )
AVERAGE OF THE '
SAME FUNCTION 06 - T
(OR RATIO) i
_4 L res, DI _
MEASURED IN THE ° I (Ap /A, ) =11540.16
RESONANCE REGION 02"
syst. unc. < 16% (+8% exp, £14% A,)
| | | | |

b b b b b b b b b
0O 01 02 03 04 05 06 07 08 09 1
X



WUARK-TIADRUN DUALITY 11

e PQCD RE-FORMULATION OF BLOOM-GILMAN DUALITY:

* Leading terms (non-interacting quarks) — scaling
* Non-leading terms (¢ — g interactions) ~ 1/Q?
[A. De Rujula, H. Georgi, H.D. Politzer, Phys. Lett. B64 (1976) 428]

DUALITY CONCEPT SUCCESSFUL IN THOSE RARE CASE(S)
WHEN A PQCD CALCULATION DESCRIBES THE AVERAGE OF
A HADRONIC OBSERVABLE (LIKE RES. REGION « DIS)

but: pQCD picture must fail for low virtuality
— breakdown of Duality unavoidable at low Q?

e POLARIZED ELECTRON-NUCLEON SCATTERING:

DUALITY 1IN polarized STRUCTURE FUNCTION
(RATIO) IS non-trivial BECAUSE OF DIFFERENT
HELICITY STRUCTURE OF POLARIZED DIS AND
NUCLEON RESONANCE(S) [A: OPPOSITE HELICITY]

— INVESTIGATE Q?-DEPENDENCE OF I'[¢* /T'P15

z 0 W2=10-4.0GeV?
< -
g L ESpreliminany 1°" TESTS IN POLARIZED CASE:
- o e SLAC E143: K. Abe ct al., Phys. Rev.
o0 S A A f ””” D 58, 112001 (1998)
7 : e HERMES KINEMATICS:
o DUALITY HOLDS OVER FULL
| MEASURED REGION
Syst. unc. <20% (+8% exp, £14% A, — same behaviour as known

DIS res .
7% A;, £10% Fy ) from unpolarized case

10 e T —
1 10
Q? [GeV?|




o U IVLIVIAATUVY

[ GENERALIZED GDH INTEGRALS FOR DEUTERON, PROTON
AND NEUTRON MEASURED FOR THE 1ST TIME MEASURED
SIMULTANEOUSLY IN NUCLEON-RESONANCE AND DIS REGION

[> RESONANCE CONTRIBUTION: SMALL FOR Q2 > 3 GeV?

> DIS CONTRIBUTION: SIZEABLE OVER FULL MEASURED Q7
[> COMBINED DATA: NO EFFECT FROM HIGHER-TWISTS OR
RESONANCE FORM FACTORS DOWN TO Q2 ~ 1.5 GeV?

[0 GDH PROTON-NEUTRON DIFFERENCE:
[> AGREES WELL WITH BJORKEN SUM RULE PREDICTION
AND SLAC DATA AT Q% = 5 GeV?
> LEADING-TWIST 1/ Q2—BEHAVIOUR INTACT DOWN TO
Q? ~ 1.5 GeV?

[J TURN-OVER OF PROTON AND DEUTERON GDH DATA
(TOWARDS REAL-PHOTON POINT) NOT OBSERVED

[ QUARK-HADRON DUALITY IN POLARIZED eN SCATTERING:
—> ‘HARD REGIME’ (AGAIN) INTACT DOWN TO Q* ~ 1.5 GeV?



